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than 50 percent of the time. The field test
sample size should be a minimum of 10 test
clothes washers. The test clothes washers
should be totally representative of the de-
sign, construction, and control system that
will be placed in commerce. The duration of
field testing in the user’s house should be a
minimum of 50 normal test cycles, for each
unit. No special instructions as to cycle se-
lection or product usage should be given to
the field test participants, other than inclu-
sion of the product literature pack which
should be shipped with all units, and instruc-
tions regarding filling out data collection
forms, use of data collection equipment, or
basic procedural methods. Prior to the test
clothes washers being installed in the field
test locations, baseline data should be devel-
oped for all field test units by conducting
laboratory tests as defined by section 1
through section 6 of these test procedures to
determine the energy consumption values.
The following data should be measured and
recorded for each wash load during the test
period: wash cycle selected, the mode of the
clothes washer (adaptive or manual), clothes
load dry weight (measured after the clothes
washer and clothes dryer cycles are com-
pleted) in pounds, and type of articles in the
clothes load (i.e., cottons, linens, permanent
press, etc.). The wash loads used in calcu-
lating the in-home percentage split between
adaptive and manual cycle usage should be
only those wash loads which conform to the
definition of the normal test cycle.
Calculate:

T=The total number of normal test cycles
run during the field test

T.=The total number of adaptive control nor-
mal test cycles

T.w=The total number of manual control nor-
mal test cycles

The percentage weighting factors:

P.=(TJ/T) x 100 (the percentage weighting for
adaptive control selection)

P=(T/T) x100 (the percentage weighting for
manual control selection)

Energy consumption values, Et, Mg, and Dg
(if desired) calculated in section 4 for the
manual and adaptive modes, should be com-
bined using P, and P,, as the weighting fac-
tors.

8. Sunset

The provisions of this appendix J expire on
December 31, 2003.

[62 FR 45501, Aug. 27, 1997, as amended at 66
FR 3330, Jan. 12, 2001; 66 FR 8745, Feb. 2, 2001]
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APPENDIX Jl TO SUBPART B OF PART
430—UNIFORM TEST METHOD FOR
MEASURING THE ENERGY CONSUMP-
TION OF AUTOMATIC AND SEMI-AUTO-
MATIC CLOTHES WASHERS

The provisions of this appendix J1 shall
apply to products manufactured beginning
January 1, 2004.

1. Definitions and Symbols

1.1 Adaptive control system means a clothes
washer control system, other than an adapt-
ive water fill control system, which is capa-
ble of automatically adjusting washer oper-
ation or washing conditions based on charac-
teristics of the clothes load placed in the
clothes container, without allowing or re-
quiring consumer intervention or actions.
The automatic adjustments may, for exam-
ple, include automatic selection, modifica-
tion, or control of any of the following: wash
water temperature, agitation or tumble
cycle time, number of rinse cycles, and spin
speed. The characteristics of the clothes
load, which could trigger such adjustments,
could, for example, consist of or be indicated
by the presence of either soil, soap, suds, or
any other additive laundering substitute or
complementary product.

NOTE: Appendix J1 does not provide a
means for determining the energy consump-
tion of a clothes washer with an adaptive
control system. Therefore, pursuant to 10
CFR 430.27, a waiver must be obtained to es-
tablish an acceptable test procedure for each
such clothes washer.

1.2 Adaptive water fill control system means
a clothes washer water fill control system
which is capable of automatically adjusting
the water fill level based on the size or
weight of the clothes load placed in the
clothes container, without allowing or re-
quiring consumer intervention or actions.

1.3 Bone-dry means a condition of a load
of test cloth which has been dried in a dryer
at maximum temperature for a minimum of
10 minutes, removed and weighed before cool
down, and then dried again for 10 minute pe-
riods until the final weight change of the
load is 1 percent or less.

1.4 Clothes container means the compart-
ment within the clothes washer that holds
the clothes during the operation of the ma-
chine.

1.5 Compact means a clothes washer which
has a clothes container capacity of less than
1.6 ft3 (45 L).

1.6 Deep rinse cycle means a rinse cycle in
which the clothes container is filled with
water to a selected level and the clothes load
is rinsed by agitating it or tumbling it
through the water.

1.7 Energy test cycle for a basic model
means (A) the cycle recommended by the
manufacturer for washing cotton or linen
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clothes, and includes all wash/rinse tempera-
ture selections and water levels offered in
that cycle, and (B) for each other wash/rinse
temperature selection or water level avail-
able on that basic model, the portion(s) of
other cycle(s) with that temperature selec-
tion or water level that, when tested pursu-
ant to these test procedures, will contribute
to an accurate representation of the energy
consumption of the basic model as used by
consumers. Any cycle under (A) or (B) shall
include the agitation/tumble operation, spin
speed(s), wash times, and rinse times appli-
cable to that cycle, including water heating
time for water heating clothes washers.

1.8 Load use factor means the percentage
of the total number of wash loads that a user
would wash a particular size (weight) load.

1.9 Manual control system means a clothes
washer control system which requires that
the consumer make the choices that deter-
mine washer operation or washing condi-
tions, such as, for example, wash/rinse tem-
perature selections, and wash time before
starting the cycle.

1.10 Manual water fill control system means
a clothes washer water fill control system
which requires the consumer to determine or
select the water fill level.

1.11 Modified energy factor means the
quotient of the cubic foot (or liter) capacity
of the clothes container divided by the total
clothes washer energy consumption per
cycle, with such energy consumption ex-
pressed as the sum of the machine electrical
energy consumption, the hot water energy
consumption, and the energy required for re-
moval of the remaining moisture in the wash
load.

1.12 Non-water-heating clothes washer
means a clothes washer which does not have
an internal water heating device to generate
hot water.

1.13 Spray rinse cycle means a rinse cycle
in which water is sprayed onto the clothes
for a period of time without maintaining any
specific water level in the clothes container.

1.14 Standard means a clothes washer
which has a clothes container capacity of 1.6
ft3 (45 L) or greater.

1.15 Temperature use factor means, for a
particular wash/rinse temperature setting,
the percentage of the total number of wash
loads that an average user would wash with
that setting.

1.16 Thermostatically controlled water valves
means clothes washer controls that have the
ability to sense and adjust the hot and cold
supply water.

1.17 Uniformly distributed warm wash tem-
perature selection(s) means (A) multiple warm
wash selections for which the warm wash
water temperatures have a linear relation-
ship with all discrete warm wash selections
when the water temperatures are plotted
against equally spaced consecutive warm
wash selections between the hottest warm

10 CFR Ch. Il (1-1-12 Edition)

wash and the coldest warm wash. If the
warm wash has infinite selections, the warm
wash water temperature has a linear rela-
tionship with the distance on the selection
device (e.g. dial angle or slide movement) be-
tween the hottest warm wash and the coldest
warm wash. The criteria for a linear rela-
tionship as specified above is that the dif-
ference between the actual water tempera-
ture at any warm wash selection and the
point where that temperature is depicted on
the temperature/selection line formed by
connecting the warmest and the coldest
warm selections is less than 5 percent. In
all cases, the mean water temperature of the
warmest and the coldest warm selections
must coincide with the mean of the ‘“hot
wash” (maximum wash temperature <135 °F
(67.2 °C)) and ‘‘cold wash” (minimum wash
temperature) water temperatures within +3.8
°F (#2.1 °C); or (B) on a clothes washer with
only one warm wash temperature selection,
a warm wash temperature selection with a
water temperature that coincides with the
mean of the ‘“hot wash” (maximum wash
temperature <135 °F (57.2 °C)) and ‘‘cold
wash” (minimum wash temperature) water
temperatures within +3.8 °F (2.1 °C).

1.18 Warm wash means all wash tempera-
ture selections that are below the hottest
hot, less than 135 °F (57.2 °C), and above the
coldest cold temperature selection.

1.19 Water consumption factor means the
quotient of the total weighted per-cycle
water consumption divided by the cubic foot
(or liter) capacity of the clothes washer.

1.20 Water-heating clothes washer means a
clothes washer where some or all of the hot
water for clothes washing is generated by a
water heating device internal to the clothes
washer.

1.21 Symbol usage. The following identity
relationships are provided to help clarify the
symbology used throughout this procedure.

E—Electrical Energy Consumption

H—Hot Water Consumption

C—Cold Water Consumption

R—Hot Water Consumed by Warm Rinse

ER—Electrical Energy Consumed by Warm
Rinse

TUF—Temperature Use Factor

HE—Hot Water Energy Consumption

F—Load Usage Factor

Q—Total Water Consumption

ME—Machine Electrical Energy Consump-
tion

RMC—Remaining Moisture Content

WI—Initial Weight of Dry Test Load

WC—Weight of Test Load After Extraction

m—Extra Hot Wash (maximum wash temp.
>135 °F (57.2 °C.))

h—Hot Wash (maximum wash temp. <135 °F
(67.2°C.))

w—Warm Wash

c—Cold Wash (minimum wash temp.)

r—Warm Rinse (hottest rinse temp.)

X or max—Maximum Test Load
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a or avg—Average Test Load
n or min—Minimum Test Load

The following examples are provided to
show how the above symbols can be used to
define variables:

Em,=‘‘Electrical Energy Consumption’” for
an ‘“‘Extra Hot Wash’” and ‘‘Maximum Test
Load”

R.=““Hot Water Consumed by Warm Rinse”’
for the ‘‘Average Test Load”’

TUF,,=“Temperature Use Factor”
“Extra Hot Wash”’

HE,in=""Hot Water Energy Consumption”’ for
the “Minimum Test Load”

1.22 Cold rinse means the coldest rinse
temperature available on the machine (and
should be the same rinse temperature selec-
tion tested in 3.7 of this appendix).

1.23 Warm rinse means the hottest rinse
temperature available on the machine (and
should be the same rinse temperature selec-
tion tested in 3.7 of this appendix).

for an

2. Testing Conditions

2.1 Installation. Install the clothes washer
in accordance with manufacturer’s instruc-
tions.

2.2 Electrical energy supply. Maintain the
electrical supply at the clothes washer ter-
minal block within 2 percent of 120, 120/240,
or 120/208Y volts as applicable to the par-
ticular terminal block wiring system and
within 2 percent of the nameplate frequency
as specified by the manufacturer. If the
clothes washer has a dual voltage conversion
capability, conduct test at the highest volt-
age specified by the manufacturer.

2.3 Supply Water.

2.3.1 Clothes washers in which electrical en-
ergy consumption or water energy consumption
are affected by the inlet water temperature. (For
example, water heating clothes washers or
clothes washers with thermostatically controlled
water valves.). The temperature of the hot
water supply at the water inlets shall not ex-
ceed 135 °F (57.2 °C) and the cold water supply
at the water inlets shall not exceed 60 °F
(15.6 °C). A water meter shall be installed in
both the hot and cold water lines to measure
water consumption.

2.3.2 Clothes washers in which electrical en-
ergy consumption and water energy consump-
tion are not affected by the inlet water tempera-
ture. The temperature of the hot water sup-
ply shall be maintained at 135 °F+5 °F (57.2
°C+2.8 °C) and the cold water supply shall be
maintained at 60 °F+5 °F (15.6 °C+2.8 °C). A
water meter shall be installed in both the
hot and cold water lines to measure water
consumption.

2.4 Water pressure. The static water pres-
sure at the hot and cold water inlet connec-
tion of the clothes washer shall be main-
tained at 35 pounds per square inch gauge
(psig) +2.5 psig (241.3 kPatl7.2 kPa) during
the test. The static water pressure for a sin-
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gle water inlet connection shall be main-
tained at 35 psig+2.5 psig (241.3 kPa+17.2 kPa)
during the test. A water pressure gauge shall
be installed in both the hot and cold water
lines to measure water pressure.

2.5 Instrumentation. Perform all test meas-
urements using the following instruments,
as appropriate:

2.5.1 Weighing scales.

2.5.1.1 Weighing scale for test cloth. The
scale shall have a resolution of no larger
than 0.2 oz (5.7 g) and a maximum error no
greater than 0.3 percent of the measured
value.

2.5.1.2 Weighing scale for clothes container
capacity measurements. The scale should have
a resolution no larger than 0.50 1bs (0.23 kg)
and a maximum error no greater than 0.5
percent of the measured value.

2.6.2 Watt-hour meter. The watt-hour
meter shall have a resolution no larger than
1 Wh (3.6 kJ) and a maximum error no great-
er than 2 percent of the measured value for
any demand greater than 50 Wh (180.0 kJ).

2.5.3 Temperature measuring device. The de-
vice shall have an error no greater than +1 °F
(+0.6 °C) over the range being measured.

2.56.4 Water meter. The water meter shall
have a resolution no larger than 0.1 gallons
(0.4 liters) and a maximum error no greater
than 2 percent for the water flow rates being
measured.

2.5.5 Water pressure gauge. The water pres-
sure gauge shall have a resolution of 1 pound
per square inch gauge (psig) (6.9 kPa) and
shall have an error no greater than 5 percent
of any measured value.

2.6 Test cloths.

2.6.1 Energy Test Cloth. The energy test
cloth shall be made from energy test cloth
material, as specified in 2.6.4, that is 24
inches by 36 inches (61.0 cm by 91.4 cm) and
has been hemmed to 22 inches by 34 inches
(55.9 cm by 86.4 cm) before washing. The en-
ergy test cloth shall be clean and shall not
be used for more than 60 test runs (after pre-
conditioning as specified in 2.6.3 of this ap-
pendix). All energy test cloth must be per-
manently marked identifying the lot number
of the material. Mixed lots of material shall
not be used for testing the clothes washers.

2.6.1.1 The energy test cloth shall not be
used for more than 25 test runs and shall be
clean and consist of the following:

(A) Pure finished bleached cloth, made
with a momie or granite weave, which is 50
percent cotton and 50 percent polyester and
weighs 5.75 ounces per square yard (195.0 g/
m?2) and has 65 ends on the warp and 57 picks
on the fill; and

(B) Cloth material that is 24 inches by 36
inches (61.0 cm by 91.4 cm) and has been
hemmed to 22 inches by 34 inches (55.9 cm by
86.4 cm) before washing. The maximum
shrinkage after five washes shall not be more
than four percent on the length and width.
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2.6.1.2 The new test cloths, including en-
ergy test cloths and energy stuffer cloths,
shall be pre-conditioned in a clothes washer
in the following manner:

2.6.1.2.1 Wash the test cloth using a com-
mercially available clothes washing deter-
gent that is suitable for 135 °F (57.2 °C) wash
water as recommended by the manufacturer,
with the washer set on maximum water
level. Place detergent in washer and then
place the new load to be conditioned in the
washer. Wash the load for ten minutes in
soft water (17Tppm or less). Wash water is to
be hot, and controlled at 135 °F+5 °F (57.2 °C
+2.8 °C). Rinse water temperature is to be
cold, and controlled at 60 °F 5 °F (15.6 °C +2.8
°C). Rinse the load through a second rinse
using the same water temperature (if an op-
tional second rinse is available on the
clothes washer, use it).

2.6.1.2.2 Dry the load.

2.6.1.2.3 A final cycle is to be hot water
wash with no detergent followed by two cold
water rinses.

2.6.1.2.4 Dry the load.

2.6.2 Energy Stuffer Cloth. The energy
stuffer cloth shall be made from energy test
cloth material, as specified in 2.6.4, and shall
consist of pieces of material that are 12
inches by 12 inches (30.5 cm by 30.5 cm) and
have been hemmed to 10 inches by 10 inches
(25.4 cm by 25.4 cm) before washing. The en-
ergy stuffer cloth shall be clean and shall
not be used for more than 60 test runs (after
preconditioning as specified in 2.6.3 of this
appendix). All energy stuffer cloth must be
permanently marked identifying the 1lot
number of the material. Mixed lots of mate-
rial shall not be used for testing the clothes
washers.

2.6.3 Preconditioning of Test Cloths. The
new test cloths, including energy test cloths
and energy stuffer cloths, shall be pre-condi-
tioned in a clothes washer in the following
manner:

2.6.3.1 Perform 5 complete normal wash-
rinse-spin cycles, the first two with AHAM
Standard detergent 2A and the last three
without detergent. Place the test cloth in a
clothes washer set at the maximum water
level. Wash the load for ten minutes in soft
water (17 ppm hardness or less) using 6.0
grams per gallon of water of AHAM Standard
detergent 2A. The wash temperature is to be
controlled to 135 °F 5 °F (57.2 °C +2.8 °C) and
the rinse temperature is to be controlled to
60 °F 15 °F (15.6 °C £2.8 °C). Repeat the cycle
with detergent and then repeat the cycle
three additional times without detergent,
bone drying the load between cycles (total of
five wash and rinse cycles).

2.6.4 Energy test cloth material. The energy
test cloths and energy stuffer cloths shall be
made from fabric meeting the following spec-
ifications. The material should come from a
roll of material with a width of approxi-
mately 63 inches and approximately 500

10 CFR Ch. Il (1-1-12 Edition)

yards per roll, however, other sizes maybe
used if they fall within the specifications.

2.6.4.1 Nominal fabric type. Pure finished
bleached cloth, made with a momie or gran-
ite weave, which is nominally 50 percent cot-
ton and 50 percent polyester.

2.6.4.2 The fabric weight shall be 5.60
ounces per square yard (190.0 g/m2), +5 per-
cent.

2.6.4.3 The thread count shall be 61 x 54
per inch (warp x fill), £2 percent.

2.6.44 The warp yarn and filling yarn
shall each have fiber content of 50 percent +4
percent cotton, with the balance being poly-
ester, and be open end spun, 15/1 56 percent
cotton count blended yarn.

2.6.4.5 Water repellent finishes, such as
fluoropolymer stain resistant finishes shall
not be applied to the test cloth. The absence
of such finishes shall be verified by:

2.6.4.5.1 American Association of Textile
Chemists and Colorists (AATCC) Test Meth-
od 118—1997, Oil Repellency: Hydrocarbon Re-
sistance Test (reaffirmed 1997), of each new lot
of test cloth (when purchased from the mill)
to confirm the absence of Scotchguard™ or
other water repellent finish (required scores
of “D”’ across the board).

2.6.4.5.2 American Association of Textile
Chemists and Colorists (AATCC) Test Meth-
od 79-2000, Absorbency of Bleached Textiles (re-
affirmed 2000), of each new lot of test cloth
(when purchased from the mill) to confirm
the absence of Scotchguard™ or other water
repellent finish (time to absorb one drop
should be on the order of 1 second).

2.6.4.5.3 The standards listed in 2.6.4.5.1
and 2.6.4.5.2 of this appendix which are not
otherwise set forth in this part 430 are incor-
porated by reference. The material listed in
this paragraph has been approved for incor-
poration by reference by the Director of the
Federal Register in accordance with 5 U.S.C.
b562(a) and 1 CFR part 51. Any subsequent
amendment to a standard by the standard-
setting organization will not affect the DOE
test procedures unless and until amended by
DOE. Material is incorporated as it exists on
the date of the approval and notice of any
change in the material will be published in
the FEDERAL REGISTER. The standards incor-
porated by reference are the American Asso-
ciation of Textile Chemists and Colorists
Test Method 118-1997, Oil Repellency: Hydro-
carbon Resistance Test (reaffirmed 1997) and
Test Method 79-2000, Absorbency of Bleached
Textiles (reaffirmed 2000).

(a) The above standards incorporated by
reference are available for inspection at:

(i) National Archives and Records Adminis-
tration (NARA). For information on the
availability of this material at NARA, call
202-741-6030, or go to: http:./www.archives.gov/
federal register/code of federal regulations/
ibr__locations.html.

(ii) U.S. Department of Energy, Office of
Energy Efficiency and Renewable Energy,
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Hearings and Dockets, ‘“‘Energy Conservation
Program for Consumer Products: Clothes
Washer Energy Conservation Standards,”
Docket No. EE—RM-94-403, Forrestal Build-
ing, 1000 Independence Avenue, SW, Wash-
ington, DC.

(b) Copies of the above standards incor-
porated by reference can be obtained from
the American Association of Textile Chem-
ists and Colorists, P.O. Box 1215, Research
Triangle Park, NC 27709, telephone (919) 549—
8141, telefax (919) 549-8933, or electronic mail:
orders@aatcc.org.

2.6.4.6 The moisture absorption and reten-
tion shall be evaluated for each new lot of
test cloth by the Standard Extractor Re-
maining Moisture Content (RMC) Test speci-
fied in 2.6.5 of this appendix.

2.6.4.6.1 Repeat the Standard Extractor
RMC Test in 2.6.5 of this appendix three
times.

2.6.4.6.2 An RMC correction curve shall be
calculated as specified in 2.6.6 of this appen-
dix.

2.6.5 Standard Ezxtractor RMC Test Proce-
dure. The following procedure is used to
evaluate the moisture absorption and reten-
tion characteristics of a lot of test cloth by
measuring the RMC in a standard extractor
at a specified set of conditions. Table 2.6.5 of
this appendix is the matrix of test condi-
tions. The 500g requirement will only be used
if a clothes washer design can achieve spin
speeds in the 500g range. When this matrix is
repeated 3 times, a total of 48 extractor RMC
test runs are required. For the purpose of the
extractor RMC test, the test cloths may be
used for up to 60 test runs (after precondi-
tioning as specified in 2.6.3 of this appendix).

TABLE 2.6.5—MATRIX OF EXTRACTOR RMC
TEST CONDITIONS

Warm soak Cold soak
‘gForce” | 45 min. | amin. | 15min. | 4min.
spin spin spin spin

2.6.5.1 The standard extractor RMC tests
shall be run in a Bock Model 215 extractor
(having a basket diameter of 19.5 inches,
length of 12 inches, and volume of 2.1 ft3),
with a variable speed drive (Bock Engineered
Products, P.O. Box 5127, Toledo, OH 43611) or
an equivalent extractor with same basket de-
sign (i.e. diameter, length, volume, and hole
configuration) and variable speed drive.

2.6.5.2 Test Load. Test cloths shall be
preconditioned in accordance with 2.6.3 of
this appendix. The load size shall be 8.4 1bs.,
consistent with 3.8.1 of this appendix.

2.6.5.3 Procedure.
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2.6.5.3.1 Record the ‘‘bone-dry”’ weight of
the test load (WI).

2.6.5.3.2 Soak the test load for 20 minutes
in 10 gallons of soft (<17 ppm) water. The en-
tire test load shall be submerged. The water
temperature shall be 100 °F +5 °F.

2.6.5.3.3 Remove the test load and allow
water to gravity drain off of the test cloths.
Then manually place the test cloths in the
basket of the extractor, distributing them
evenly by eye. Spin the load at a fixed speed
corresponding to the intended centripetal ac-
celeration level (measured in units of the ac-
celeration of gravity, g) +1 g for the intended
time period +5 seconds.

2.6.5.3.4 Record the weight of the test load
immediately after the completion of the ex-
tractor spin cycle (WC).

2.6.56.3.6 Calculate the RMC as (WC-WI)/
WI.

2.6.5.3.6 The RMC of the test load shall be
measured at three (3) g levels: 100g; 200g; and
350g, using two different spin times at each g
level: 4 minutes; and 15 minutes. If a clothes
washer design can achieve spin speeds in the
500g range then the RMC of the test load
shall be measured at four (4) g levels: 100g;
200g; 350g; and 500g, using two different spin
times at each g level: 4 minutes; and 15 min-
utes.

2.6.5.4 Repeat 2.6.5.3 of this appendix using
soft (<17 ppm) water at 60 °F 15 °F.

2.6.6 Calculation of RMC correction curve.

2.6.6.1 Average the values of 3 test runs
and fill in table 2.6.5 of this appendix. Per-
form a linear least-squares fit to relate the
standard RMC (RMCsundara) Values (shown in
table 2.6.6.1 of this appendix) to the values
measured in 2.6.5 of this appendix:

(RMCeioth): RMCytandara ~ A * RMCeiom + B
Where A and B are coefficients of the linear
least-squares fit.

TABLE 2.6.6.1—STANDARD RMC VALUES (RMC

STANDARD)
RMC %
“q Force” Warm soak Cold soak

15 min. 4 min. 15 min. 4 min.

spin spin spin spin
45.9 49.9 49.7 52.8
35.7 40.4 379 431
29.6 33.1 30.7 35.8
242 28.7 255 30.0

2.6.6.2. Perform an analysis of variance
test using two factors, spin speed and lot, to
check the interaction of speed and lot. Use
the values from Table 2.6.5 and Table 2.6.6.1
in the calculation. The “P” value in the
variance analysis shall be greater than or
equal to 0.1. If the “P” value is less than 0.1
the test cloth is unacceptable. “P’’ is a theo-
retically based probability of interaction
based on an analysis of variance.

2.6.7 Application of RMC correction curve.
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2.6.7.1 Using the coefficients A and B cal-
culated in 2.6.6.1 of this appendix:
RMC.orr = A * RMC + B

2.6.7.2 Substitute RMC.or values in cal-
culations in 3.8 of this appendix.

2.7 Test Load Sizes. Maximum, minimum,
and, when required, average test load sizes
shall be determined using Table 5.1 and the
clothes container capacity as measured in
3.1.1 through 3.1.5. Test loads shall consist of
energy test cloths, except that adjustments
to the test loads to achieve proper weight
can be made by the use of energy stuffer
cloths with no more than 5 stuffer clothes
per load.

2.8 Use of Test Loads. Table 2.8 defines the
test load sizes and corresponding water fill
settings which are to be used when meas-
uring water and energy consumptions.
Adaptive water fill control system and man-
ual water fill control system are defined in
section 1 of this appendix:

TABLE 2.8—TEST LOAD SIZES AND WATER FILL
SETTINGS REQUIRED

Manual water fill
control system

Adaptive water fill control system

Test load | Water fill | Test load size Water fill setting
size setting
Max Max Max As determined by
Min Min Avg the Clothes
Min Washer.

2.8.1 The test load sizes to be used to
measure RMC are specified in section 3.8.1.

2.8.2 Test loads for energy and water con-
sumption measurements shall be bone dry
prior to the first cycle of the test, and dried
to a maximum of 104 percent of bone dry
weight for subsequent testing.

2.8.3 Load the energy test cloths by grasp-
ing them in the center, shaking them to
hang loosely and then put them into the
clothes container prior to activating the
clothes washer.

2.9 Pre-conditioning.

2.9.1 Nonwater-heating clothes washer. If
the clothes washer has not been filled with
water in the preceding 96 hours, pre-condi-
tion it by running it through a cold rinse
cycle and then draining it to ensure that the
hose, pump, and sump are filled with water.

2.9.2 Water-heating clothes washer. If the
clothes washer has not been filled with water
in the preceding 96 hours, or if it has not
been in the test room at the specified ambi-
ent conditions for 8 hours, pre-condition it
by running it through a cold rinse cycle and
then draining it to ensure that the hose,
pump, and sump are filled with water.

2.10 Wash time setting. If one wash time is
prescribed in the energy test cycle, that
shall be the wash time setting; otherwise,
the wash time setting shall be the higher of
either the minimum, or 70 percent of the
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maximum wash time available in the energy
test cycle.

2.11 Test room temperature for water-heating
clothes washers. Maintain the test room am-
bient air temperature at 75 °F+5 °F (23.9
°C+2.8 °C).

3. Test Measurements

3.1 Clothes container capacity. Measure the
entire volume which a dry clothes load could
occupy within the clothes container during
washer operation according to the following
procedures:

3.1.1 Place the clothes washer in such a
position that the uppermost edge of the
clothes container opening is leveled hori-
zontally, so that the container will hold the
maximum amount of water.

3.1.2 Line the inside of the clothes con-
tainer with 2 mil (0.051 mm) plastic sheet.
All clothes washer components which occupy
space within the clothes container and which
are recommended for use with the energy
test cycle shall be in place and shall be lined
with 2 mil (0.051 mm) plastic sheet to prevent
water from entering any void space.

3.1.3 Record the total weight of the ma-
chine before adding water.

3.1.4 Fill the clothes container manually
with either 60 °F+5 °F (15.6 °C£2.8 °C) or 100
°F+10 °F (37.8 °C+5.5 °C) water to its upper-
most edge. Measure and record the weight of
water, W, in pounds.

3.1.5 The clothes container capacity is
calculated as follows:

C=Wrd.

where:

C=Capacity in cubic feet (liters).

W=Mass of water in pounds (kilograms).

d=Density of water (62.0 1bs/ft3 for 100 °F (993
kg/m3 for 37.8 °C) or 62.3 1bs/ft3 for 60 °F (998
kg/m3 for 15.6 °C)).

3.2 Procedure for measuring water and en-
ergy consumption values on all automatic and
semi-automatic washers. All energy consump-
tion tests shall be performed under the en-
ergy test cycle(s), unless otherwise specified.
Table 3.2 defines the sections below which
govern tests of particular clothes washers,
based on the number of wash/rinse tempera-
ture selections available on the model, and
also, in some instances, method of water
heating. The procedures prescribed are appli-
cable regardless of a clothes washer’s wash-
ing capacity, loading port location, primary
axis of rotation of the clothes container, and
type of control system.

3.2.1 Inlet water temperature and the wash/
rinse temperature settings.

3.2.1.1 For automatic clothes washers set
the wash/rinse temperature selection control
to obtain the wash water temperature de-
sired (extra hot, hot, warm, or cold) and cold
rinse, and open both the hot and cold water
faucets.
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3.2.1.2 For semi-automatic washers: (1)
For hot water temperature, open the hot
water faucet completely and close the cold
water faucet; (2) for warm inlet water tem-
perature, open both hot and cold water fau-
cets completely; (3) for cold water tempera-
ture, close the hot water faucet and open the
cold water faucet completely.

3.2.1.3 Determination of warm wash water
temperature(s) to decide whether a clothes
washer has uniformly distributed warm wash
temperature selections. The wash water tem-
perature, Tw, of each warm water wash se-
lection shall be calculated or measured.

For non-water-heating clothes washers,
calculate Tw as follows:

Tw( °F)=((Hwx135 °F)+(Cwx60 °F))/(Hw+Cw)
or

Tw( °C)=((Hwx57.2 °C)+(Cwx15.6 °C))/(Hw+Cw)

where:

Hw=Hot water consumption of a warm wash
Cw=Cold water consumption of a warm wash

For water-heating clothes washers, meas-
ure and record the temperature of each warm
wash selection after fill.

3.2.2 Total water consumption during the
energy test cycle shall be measured, includ-
ing hot and cold water consumption during
wash, deep rinse, and spray rinse.

3.2.3 Clothes washers with adaptive water
fill/manual water fill control systems

3.2.3.1 Clothes washers with adaptive water
fill control system and alternate manual water
fill control systems. If a clothes washer with
an adaptive water fill control system allows
consumer selection of manual controls as an
alternative, then both manual and adaptive
modes shall be tested and, for each mode, the
energy consumption (HEr, MEr, and Dg) and
water consumption (Qr), values shall be cal-
culated as set forth in section 4. Then the av-
erage of the two values (one from each mode,
adaptive and manual) for each variable shall
be used in section 4 for the clothes washer.
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3.2.3.2 Clothes washers with adaptive water
fill control system.

3.2.3.2.1. Not user adjustable. The max-
imum, minimum, and average water levels
as defined in the following sections shall be
interpreted to mean that amount of water
fill which is selected by the control system
when the respective test loads are used, as
defined in Table 2.8. The load usage factors
which shall be used when calculating energy
consumption values are defined in Table
4.1.3.

3.2.3.2.2 User adjustable. Four tests shall
be conducted on clothes washers with user
adjustable adaptive water fill controls which
affect the relative wash water levels. The
first test shall be conducted with the max-
imum test load and with the adaptive water
fill control system set in the setting that
will give the most energy intensive result.
The second test shall be conducted with the
minimum test load and with the adaptive
water fill control system set in the setting
that will give the least energy intensive re-
sult. The third test shall be conducted with
the average test load and with the adaptive
water fill control system set in the setting
that will give the most energy intensive re-
sult for the given test load. The fourth test
shall be conducted with the average test load
and with the adaptive water fill control sys-
tem set in the setting that will give the least
energy intensive result for the given test
load. The energy and water consumption for
the average test load and water level, shall
be the average of the third and fourth tests.

3.2.3.3 Clothes washers with manual water
fill control system. In accordance with Table
2.8, the water fill selector shall be set to the
maximum water level available on the
clothes washer for the maximum test load
size and set to the minimum water level for
the minimum test load size. The load usage
factors which shall be used when calculating
energy consumption values are defined in
Table 4.1.3.

TABLE 3.2—TEST SECTION REFERENCE

Max. Wash Temp. Available
Number of Wash Temp. Selections .....
Test Sections Required to be Followed

<135 °F (57.2 °C) >135 °F (57.2 °C)2
1 2 >2 3 >3
................................ 3.3 3.3
3.4 34| s 3.4
FR 3.5 3.5 3.5
3.6 3.6 3.6 3.6 3.6
13.7 13.7 137 137 137
3.8 3.8 3.8 3.8 3.8

10nly applicable to machines with warm rinse in any cycle.

2This only applies to water hearting clothes washers on which the maximum wash temperature available exceeds 135 °F

(57.2 °C)

3.3 “Extra Hot Wash’ (Max Wash Temp
>135 °F (57.2 °C)) for water heating clothes
washers only. Water and electrical energy

consumption shall be measured for each
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water fill level and/or test load size as speci-
fied in 3.3.1 through 3.3.3 for the hottest wash
setting available.

3.3.1 Mazximum test load and water fill. Hot
water consumption (Hm,), cold water con-
sumption (Cmy), and electrical energy con-
sumption (Emy) shall be measured for an
extra hot wash/cold rinse energy test cycle,
with the controls set for the maximum water
fill level. The maximum test load size is to
be used and shall be determined per Table
5.1.

3.3.2 Minimum test load and water fill. Hot
water consumption (Hm,), cold water con-
sumption (Cm,), and electrical energy con-
sumption (Em,) shall be measured for an
extra hot wash/cold rinse energy test cycle,
with the controls set for the minimum water
fill level. The minimum test load size is to
be used and shall be determined per Table
5.1.

3.3.3 Average test load and water fill. For
clothes washers with an adaptive water fill
control system, measure the values for hot
water consumption (Hm,), cold water con-
sumption (Cm,), and electrical energy con-
sumption (Em,) for an extra hot wash/cold
rinse energy test cycle, with an average test
load size as determined per Table 5.1.

3.4 ‘“Hot Wash” (Max Wash Temp<i35 °F
(57.2 °C)). Water and electrical energy con-
sumption shall be measured for each water
fill level or test load size as specified in 3.4.1
through 3.4.3 for a 135 °F (57.2 °C)) wash, if
available, or for the hottest selection less
than 135 °F (57.2 °C)).

3.4.1 Maximum test load and water fill. Hot
water consumption (Hhy), cold water con-
sumption (Chy), and electrical energy con-
sumption (Ehy) shall be measured for a hot
wash/cold rinse energy test cycle, with the
controls set for the maximum water fill
level. The maximum test load size is to be
used and shall be determined per Table 5.1.

3.4.2 Minimum test load and water fill. Hot
water consumption (Hh,), cold water con-
sumption (Ch,), and electrical energy con-
sumption (Eh,) shall be measured for a hot
wash/cold rinse energy test cycle, with the
controls set for the minimum water fill
level. The minimum test load size is to be
used and shall be determined per Table 5.1.

3.4.3 Average test load and water fill. For
clothes washers with an adaptive water fill
control system, measure the values for hot
water consumption (Hh,), cold water con-
sumption (Ch,), and electrical energy con-
sumption (Eh,) for a hot wash/cold rinse en-
ergy test cycle, with an average test load
size as determined per Table 5.1.

3.6 “Warm Wash.” Water and electrical
energy consumption shall be determined for
each water fill level and/or test load size as
specified in 3.5.1 through 3.5.2.3 for the appli-
cable warm water wash temperature(s).

3.5.1 Clothes washers with uniformly distrib-
uted warm wash temperature selection(s). The
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reportable values to be used for the warm
water wash setting shall be the arithmetic
average of the measurements for the hot and
cold wash selections. This is a calculation
only, no testing is required.

3.5.2 Clothes washers that lack uniformly
distributed warm wash temperature selections.
For a clothes washer with fewer than four
discrete warm wash selections, test all warm
wash temperature selections. For a clothes
washer that offers four or more warm wash
selections, test at all discrete selections, or
test at 25 percent, 50 percent, and 75 percent
positions of the temperature selection device
between the hottest hot (<135 °F (57.2 °C))
wash and the coldest cold wash. If a selection
is not available at the 25, 50 or 75 percent po-
sition, in place of each such unavailable se-
lection use the next warmer setting. Each re-
portable value to be used for the warm water
wash setting shall be the arithmetic average
of all tests conducted pursuant to this sec-
tion.

3.5.2.1 Mazximum test load and water fill.
Hot water consumption (Hwy), cold water
consumption (Cwy), and electrical energy
consumption (Ewy) shall be measured with
the controls set for the maximum water fill
level. The maximum test load size is to be
used and shall be determined per Table 5.1.

3.5.2.2 Minimum test load and water fill. Hot
water consumption (Hw,), cold water con-
sumption (Cw,), and electrical energy con-
sumption (Ew,) shall be measured with the
controls set for the minimum water fill
level. The minimum test load size is to be
used and shall be determined per Table 5.1.

3.5.2.3 Average test load and water fill. For
clothes washers with an adaptive water fill
control system, measure the values for hot
water consumption (Hw,), cold water con-
sumption (Cw,), and electrical energy con-
sumption (Ew,) with an average test load
size as determined per Table 5.1.

3.6 ““Cold Wash” (Minimum Wash Tempera-
ture Selection). Water and electrical energy
consumption shall be measured for each
water fill level or test load size as specified
in 3.6.1 through 3.6.3 for the coldest wash
temperature selection available.

3.6.1 Maximum test load and water fill. Hot
water consumption (Hcyk), cold water con-
sumption (Ccy), and electrical energy con-
sumption (Ecy) shall be measured for a cold
wash/cold rinse energy test cycle, with the
controls set for the maximum water fill
level. The maximum test load size is to be
used and shall be determined per Table 5.1.

3.6.2 Minimum test load and water fill. Hot
water consumption (Hc,), cold water con-
sumption (Cc,), and electrical energy con-
sumption (Ec,) shall be measured for a cold
wash/cold rinse energy test cycle, with the
controls set for the minimum water fill
level. The minimum test load size is to be
used and shall be determined per Table 5.1.
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3.6.3 Average test load and water fill. For
clothes washers with an adaptive water fill
control system, measure the values for hot
water consumption (Hc,), cold water con-
sumption (Cc,), and electrical energy con-
sumption (Ec,) for a cold wash/cold rinse en-
ergy test cycle, with an average test load
size as determined per Table 5.1.

3.7 Warm Rinse. Tests in sections 3.7.1 and
3.7.2 shall be conducted with the hottest
rinse temperature available. If multiple
wash temperatures are available with the
hottest rinse temperature, any ‘“warm wash”’
temperature may be selected to conduct the
tests.

3.7.1 For the rinse only, measure the
amount of hot water consumed by the
clothes washer including all deep and spray
rinses, for the maximum (Ry), minimum (R.,),
and, if required by section 3.5.2.3, average
(R.) test load sizes or water fill levels.

3.7.2 Measure the amount of electrical en-
ergy consumed by the clothes washer to heat
the rinse water only, including all deep and
spray rinses, for the maximum (ERx), min-
imum (ER,), and, if required by section
3.5.2.3, average (ER,), test load sizes or water
fill levels.

3.8 Remaining Moisture Content:

3.8.1 The wash temperature will be the
same as the rinse temperature for all test-
ing. Use the maximum test load as defined in
Table 5.1 and section 3.1 for testing.

3.8.2 For clothes washers with cold rinse
only:

3.8.2.1 Record the actual ‘bone dry’ weight
of the test load (Wl,.x), then place the test
load in the clothes washer.

3.8.2.2 Set water level selector to max-
imum fill.

3.8.2.3 Run the energy test cycle.

3.8.2.4 Record the weight of the test load
immediately after completion of the energy
test cycle (WChax).

3.8.2.56 Calculate the remaining moisture
content of the maximum test load, RMCwyax,
expressed as a percentage and defined as:

RMCmax=((WCmax — WInax)/Wlnax)x100%

3.8.3 For clothes washers with cold and
warm rinse options:

3.8.3.1 Complete steps 3.8.2.1 through
3.8.2.4 for cold rinse. Calculate the remaining
moisture content of the maximum test load
for cold rinse, RMCcoLp, expressed as a per-
centage and defined as:

RMCcoLp=((WCmax = Wlnax)/ Wlnax)x100%

3.8.3.2 Complete steps 3.8.2.1 through
3.8.2.4 for warm rinse. Calculate the remain-
ing moisture content of the maximum test
load for warm rinse, RMCwarm, €xpressed as
a percentage and defined as:

RMCwarm=((WCmax = Wlnax)/ Wlnax)x100%
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3.8.3.3 Calculate the remaining moisture
content of the maximum test load, RMChuax,
expressed as a percentage and defined as:

RMCux=RMCcoLpx(1-
TUF,)+RMCwarvx(TUF,).

where:

TUF,; is the temperature use factor for warm
rinse as defined in Table 4.1.1.

3.8.4 Clothes washers which have options
that result in different RMC values, such as
multiple selection of spin speeds or spin
times, that are available in the energy test
cycle, shall be tested at the maximum and
minimum extremes of the available options,
excluding any ‘‘no spin’” (zero spin speed)
settings, in accordance with requirements in
3.8.2 or 3.8.3. The calculated RMCax extraction
and RMChuin extraction @b the maximum and min-
imum settings, respectively, shall be com-
bined as follows and the final RMC to be used
in section 4.3 shall be:

RMC = 0.79XRMCax extraction+0.25x
RMChin extraction

4. Calculation of Derived Results From Test
Measurements

4.1 Hot water and machine electrical energy
consumption of clothes washers.

4.1.1 Per-cycle temperature-weighted hot
water consumption for maximum, average, and
minimum water fill levels using each appro-
priate load sice as defined in section 2.8 and
Table 5.1. Calculate for the cycle under test
the per-cycle temperature weighted hot
water consumption for the maximum water
fill level, Vh,, the average water fill level,
Vh,, and the minimum water fill level, Vh,,
expressed in gallons per cycle (or liters per
cycle) and defined as:

(a) Vh=[HmXTUF,,]+[Hh XTUF,]+[Hwx
XTUF]+[HCXTUF ]+[RxTUF,]

(b) Vh,=[HmxTUF ]+ [HhxTUFu]+[Hw,
XTUF]+[HCcXTUF J+[R.XTUF,]

() Vh,=[HmXxTUF,,]+[Hh XTUF,]+[Hw,
XTUF]+[HC XTUF ]+[RXTUF,]

where:

Hm,, Hm,, and Hm,, are reported hot water
consumption values, in gallons per-cycle
(or liters per cycle), at maximum, average,
and minimum water fill, respectively, for
the extra-hot wash cycle with the appro-
priate test loads as defined in section 2.8.

Hh, Hh,, and Hh,, are reported hot water
consumption values, in gallons per-cycle
(or liters per cycle), at maximum, average,
and minimum water fill, respectively, for
the hot wash cycle with the appropriate
test loads as defined in section 2.8.

Hw,, Hw,, and Hw,, are reported hot water
consumption values, in gallons per-cycle
(or liters per cycle), at maximum, average,
and minimum water fill, respectively, for
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the warm wash cycle with the appropriate
test loads as defined in section 2.8.

Hcy, Hc,, and Hc,, are reported hot water
consumption values, in gallons per-cycle
(or liters per cycle), at maximum, average,
and minimum water fill, respectively, for
the cold wash cycle with the appropriate
test loads as defined in section 2.8.

Rx, R., and R, are the reported hot water
consumption values, in gallons per-cycle
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(or liters per cycle), at maximum, average,
and minimum water fill, respectively, for
the warm rinse cycle and the appropriate
test loads as defined in section 2.8.

TUF,,, TUF}, TUF,,, TUF,, and TUF, are tem-
perature use factors for extra hot wash,
hot wash, warm wash, cold wash, and warm
rinse temperature selections, respectively,
and are as defined in Table 4.1.1.

TABLE 4.1.1—TEMPERATURE USE FACTORS

Max Wash Temp Available ........... <135 °F <135 °F <135 °F >135 °F >135 °F
(67.2 °C) (57.2 °C) (57.2 °C) (57.2 °C) (57.2 °C)
No. Wash Temp Selections .......... Single 2 Temps >2 Temps 3 Temps >3 Temps
TUF., (extra hot) ..o NA NA NA 0.14 0.05
TUFy (hot) NA 0.63 0.14 NA 0.09
TUF,, (warm) NA NA 0.49 0.49 0.49
TUF. (cold) ........ .. | 1.00 0.37 0.37 0.37 0.37
TUF, (Warm rinse) ......ccccceeveervennns 0.27 0.27 0.27 0.27 0.27

4.1.2 Total per-cycle hot water energy con-
sumption for all maximum, average, and min-
imum water fill levels tested. Calculate the
total per-cycle hot water energy consump-
tion for the maximum water fill level, HE.x,
the minimum water fill level, HEnin, and the
average water fill level, HE,,,, expressed in
kilowatt-hours per cycle and defined as:

(a) HEnhax = [VhxTxK]=Total energy when a
maximum load is tested.

(b) HE,; = [VhxTxK]=Total energy when an
average load is tested.

(¢) HEnin = [VhxTxK]=Total energy when a
minimum load is tested.

where:

T=Temperature rise=75 °F (41.7 °C).

K=Water specific heat in kilowatt-hours per
gallon degree F'=0.00240 (0.00114 KkWh/L-°C).

Vhy Vh,, and Vh,, are as defined in 4.1.1.

4.1.3 Total weighted per-cycle hot water en-
ergy consumption. Calculate the total weight-
ed per cycle hot water energy consumption,
HErt, expressed in kilowatt-hours per cycle
and defined as:

HEr=[HEmaXFmax]+ [HEaveXFave ]+ [HEmnXFmin]

where:

HEnax, HEqve, and HEni are as defined in 4.1.2.

Fraxs Fave, and Frin are the load usage factors
for the maximum, average, and minimum
test loads based on the size and type of
control system on the washer being tested.
The values are as shown in table 4.1.3.

TABLE 4.1.3—LOAD USAGE FACTORS

Water fill control system Manual Adaptive
Fnax = coveeeerernereeiceeenenseeenneeeeeees 0.721 0.122
Favg = wovveereereesnesssssssssssssssessssssessees 0.742

TABLE 4.1.3—LOAD USAGE FACTORS—
Continued

Water fill control system Manual Adaptive

0.281 0.142

1 Reference 3.2.3.3.
2 Reference 3.2.3.2.

4.1.4 Total per-cycle hot water energy con-
sumption using gas-heated or oil-heated water.
Calculate for the energy test cycle the per-
cycle hot water consumption, HErg, using
gas heated or oil-heated water, expressed in
Btu per cycle (or megajoules per cycle) and
defined as:

HErg=Hrx1/ex3412 BtwkWh or HErg=HEx1l/
ex3.6 MJ/KWh

where:

e=Nominal gas or oil
efficiency=0.75.
HEr=As defined in 4.1.3.

4.1.5 Per-cycle machine electrical energy con-
sumption for all maximum, average, and min-
imum test load sizes. Calculate the total per-
cycle machine electrical energy consumption
for the maximum water fill level, MEn.x, the
minimum water fill level, ME,,;,, and the av-
erage water fill level, ME,,,, expressed in kil-
owatt-hours per cycle and defined as:

water heater

(a)MEnax= [EmXTUF,,]+ [Eh,xTUF.]+
[EwxTUF, ]+ [EcxxTUF. ]+ [ERXTUF\]

(b)  ME,,= [EmxTUF ]+ [Eh xTUF,]+
[EwXTUF, 1+ [EcaXTUF ]+ [ERXTUF,]

(©) MEmin= [EmXTUF,]+ [EhXTUF,]+
[Ew.XTUF]+ [Ec,xxTUF.]+ [ERXTUF,]

where:

Em,, Em,, and Em,, are reported electrical
energy consumption values, in kilowatt-
hours per cycle, at maximum, average, and
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minimum test loads, respectively, for the
extra-hot wash cycle.

Eh,, Eh,, and Eh,, are reported electrical en-
ergy consumption values, in Kkilowatt-
hours per cycle, at maximum, average, and
minimum test loads, respectively, for the
hot wash cycle.

Ew,, Ew,, and Ew,, are reported electrical en-
ergy consumption values, in kilowatt-
hours per cycle, at maximum, average, and
minimum test loads, respectively, for the
warm wash cycle.

Eck, Ec,, and Ec,, are reported electrical en-
ergy consumption values, in kilowatt-
hours per cycle, at maximum, average, and
minimum test loads, respectively, for the
cold wash cycle.

ERx, ER,, ER,, are reported electrical energy
consumption values, in kilowatt-hours per
cycle, at maximum, average, and minimum
test loads, respectively, for the warm rinse
cycle per definitions in 3.7.2 of this appen-
dix.

TUF,,, TUF,, TUF,, TUF., and TUF, are as
defined in Table 4.1.1.

4.1.6 Total weighted per-cycle machine elec-
trical energy consumption. Calculate the total
per cycle load size weighted energy consump-
tion, MEr, expressed in kilowatt-hours per
cycle and defined as:

MEr=[MEmaxX  Fmax]+[MEavex
Finin]

where:

MEmax, MEae, and ME.. are as defined in
4.1.5.

Fmax, Fave, and Fumin are as defined in Table
4.1.3.

4.1.7 Total per-cycle energy consumption
when electrically heated water is used. Cal-
culate for the energy test cycle the total per-
cycle energy consumption, Erg, using elec-
trical heated water, expressed in kilowatt-
hours per cycle and defined as:

Erg=HEr+MEr

where:

MEr=As defined in 4.1.6.
HEr=As defined in 4.1.3.

4.2 Water consumption of clothes washers.
(The calculations in this Section need not be
performed to determine compliance with the
energy conservation standards for clothes
washers.)

4.2.1 Per-cycle water consumption. Cal-
culate the maximum, average, and minimum
total water consumption, expressed in gal-
lons per cycle (or liters per cycle), for the
cold wash/cold rinse cycle and defined as:

Qmax=[Hc,+Ccx]
Qave=[Hc,+Cc,]
Qmin=[Hca+Ccp]

where:

Fayel+ [MEminx

Pt. 430, Subpt. B, App. J1

Hcy, Ccy, Hea, Cca, Hen, and Ce, are as defined
in 3.6.

4.2.2 Total weighted per-cycle water con-
sumption. Calculate the total weighted per
cycle consumption, Qr, expressed in gallons
per cycle (or liters per cycle) and defined as:

Qr=[QmaxXFmax]+[QaveXFavg ]+ [QminXFmin]
where:

Qmaxs Qave, and Qmin are as defined in 4.2.1.
Fiax, Fave, and Fuin are as defined in table
4.1.3.

4.2.3 Water consumption factor. Calculate
the water consumption factor, WCF, ex-
pressed in gallon per cycle per cubic feet (or
liter per cycle per liter), as:

WCF=Qr / C

where:

Qr=as defined in section 4.2.2.
C = as defined in section 3.1.5.

4.3 Per-cycle energy consumption for removal
of moisture from test load. Calculate the per-
cycle energy required to remove the mois-
ture of the test load, Dg, expressed in Kkilo-
watt-hours per cycle and defined as

De=(LAF)x(Maximum test
weight)x(RMC—4% )x(DEF)x(DUF)

where:

LAF=Load adjustment factor=0.52.

Test load weight=As required in 3.8.1, ex-
pressed in lbs/cycle.

RMC=As defined in 3.8.2.5, 3.8.3.3 or 3.8.4.

DEF=nominal energy required for a clothes
dryer to remove moisture from clothes=0.5
kWh/1b (1.1 kWh/kg).

DUF=dryer usage factor, percentage of wash-
er loads dried in a clothes dryer=0.84.

4.4 Modified energy factor. Calculate the
modified energy factor, MEF, expressed in
cubic feet per kilowatt-hour per cycle (or li-
ters per kilowatt-hour per cycle) and defined
as:

MEF=C/(Ere + Dg)
where:

C=As defined in 3.1.5.
Erg=As defined in 4.1.7.
Dg=As defined in 4.3.

4.5 Energy factor. Calculate the energy
factor, EF, expressed in cubic feet per kilo-
watt-hour per cycle (or liters per Kkilowatt-
hour per cycle) and defined as:

EF:C/ETE

where:

C=As defined in 3.1.5.
Erg=As defined in 4.1.7.

load

5. Test Loads
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TABLE 5.1—TEST LOAD SIZES

Container volume Minimum load Maximum load Average load
s dren b | G | b | G | b | ()
0-0.8 ... 0-22.7 3.00 1.36 3.00 1.36 3.00 1.36
0.80-0.90 22.7-25.5 3.00 1.36 3.50 1.59 3.25 1.47
0.90-1.00 25.5-28.3 3.00 1.36 3.90 1.77 3.45 1.56
1.00-1.10 28.3-31.1 3.00 1.36 4.30 1.95 3.65 1.66
1.10-1.20 31.1-34.0 3.00 1.36 4.70 213 3.85 1.75
1.20-1.30 34.0-36.8 3.00 1.36 5.10 2.31 4.05 1.84
1.30-1.40 36.8-39.6 3.00 1.36 5.50 2.49 4.25 1.93
1.40-1.50 39.6-42.5 3.00 1.36 5.90 2.68 4.45 2.02
1.50-1.60 42.5-45.3 3.00 1.36 6.40 2.90 4.70 2.13
1.60-1.70 45.3-48.1 3.00 1.36 6.80 3.08 4.90 222
1.70-1.80 48.1-51.0 3.00 1.36 7.20 3.27 5.10 2.31
1.80-1.90 51.0-53.8 3.00 1.36 7.60 3.45 5.30 2.40
1.90-2.00 53.8-56.6 3.00 1.36 8.00 3.63 5.50 2.49
2.00-2.10 56.6-59.5 3.00 1.36 8.40 3.81 5.70 2.59
2.10-2.20 59.5-62.3 3.00 1.36 8.80 3.99 5.90 2.68
2.20-2.30 62.3-65.1 3.00 1.36 9.20 417 6.10 2.77
2.30-2.40 65.1-68.0 3.00 1.36 9.60 4.35 6.30 2.86
2.40-2.50 68.0-70.8 3.00 1.36 10.00 4.54 6.50 2.95
2.50-2.60 70.8-73.6 3.00 1.36 10.50 4.76 6.75 3.06
2.60-2.70 73.6-76.5 3.00 1.36 10.90 4.94 6.95 3.15
2.70-2.80 76.5-79.3 3.00 1.36 11.30 5.13 7.15 3.24
2.80-2.90 79.3-82.1 3.00 1.36 11.70 5.31 7.35 3.33
2.90-3.00 82.1-85.0 3.00 1.36 12.10 5.49 7.55 3.42
3.00-3.10 85.0-87.8 3.00 1.36 12.50 5.67 7.75 3.52
3.10-3.20 87.8-90.6 3.00 1.36 12.90 5.85 7.95 3.61
3.20-3.30 90.6-93.4 3.00 1.36 | 13.30 6.03 8.15 3.70
3.30-3.40 93.4-96.3 3.00 1.36 13.70 6.21 8.35 3.79
3.40-3.50 96.3-99.1 3.00 1.36 14.10 6.40 8.55 3.88
3.50-3.60 99.1-101.9 3.00 1.36 14.60 6.62 8.80 3.99
3.60-3.70 101.9-104.8 3.00 1.36 15.00 6.80 9.00 4.08
3.70-3.80 104.8-107.6 3.00 1.36 15.40 6.99 9.20 4.17

NOTES: (1) All test load weights are bone dry weights.

(2) Allowable tolerance on the test load weights are +0.10 Ibs (0.05 kg).

6. Waivers and Field Testing

6.1 Waivers and Field Testing for Non-con-
ventional Clothes Washers. Manufacturers of
nonconventional clothes washers, such as
clothes washers with adaptive control sys-
tems, must submit a petition for waiver pur-
suant to 10 CFR 430.27 to establish an accept-
able test procedure for that clothes washer.
For these and other clothes washers that
have controls or systems such that the DOE
test procedures yield results that are so un-
representative of the clothes washer’s true
energy consumption characteristics as to
provide materially inaccurate comparative
data, field testing may be appropriate for es-
tablishing an acceptable test procedure. The
following are guidelines for field testing
which may be used by manufacturers in sup-
port of petitions for waiver. These guidelines
are not mandatory and the Department may
determine that they do not apply to a par-
ticular model. Depending upon a manufac-
turer’s approach for conducting field testing,
additional data may be required. Manufac-
turers are encouraged to communicate with
the Department prior to the commencement
of field tests which may be used to support a
petition for waiver. Section 6.3 provides an

example of field testing for a clothes washer
with an adaptive water fill control system.
Other features, such as the use of various
spin speed selections, could be the subject of
field tests.

6.2 Nonconventional Wash System Energy
Consumption Test. The field test may consist
of a minimum of 10 of the nonconventional
clothes washers (‘‘test clothes washers’’) and
10 clothes washers already being distributed
in commerce (‘‘base clothes washers’). The
tests should include a minimum of 50 energy
test cycles per clothes washer. The test
clothes washers and base clothes washers
should be identical in construction except
for the controls or systems being tested.
Equal numbers of both the test clothes wash-
er and the base clothes washer should be
tested simultaneously in comparable set-
tings to minimize seasonal or consumer
laundering conditions or variations. The
clothes washers should be monitored in such
a way as to accurately record the total en-
ergy consumption per cycle. At a minimum,
the following should be measured and re-
corded throughout the test period for each
clothes washer: Hot water usage in gallons
(or liters), electrical energy usage in Kkilo-
watt-hours, and the cycles of usage.
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The field test results would be used to de-
termine the best method to correlate the
rating of the test clothes washer to the rat-
ing of the base clothes washer. If the base
clothes washer is rated at A KWh per year,
but field tests at B kWh per year, and the
test clothes washer field tests at D kWh per
year, the test unit would be rated as follows:

Ax(D/B)=G KWh per year

6.3 Adaptive water fill control system field
test. Section 3.2.3.1 defines the test method
for measuring energy consumption for
clothes washers which incorporate control
systems having both adaptive and alternate
cycle selections. Energy consumption cal-
culated by the method defined in section
3.2.3.1 assumes the adaptive cycle will be
used 50 percent of the time. This section can
be used to develop field test data in support
of a petition for waiver when it is believed
that the adaptive cycle will be used more
than 50 percent of the time. The field test
sample size should be a minimum of 10 test
clothes washers. The test clothes washers
should be totally representative of the de-
sign, construction, and control system that
will be placed in commerce. The duration of
field testing in the user’s house should be a
minimum of 50 energy test cycles, for each
unit. No special instructions as to cycle se-
lection or product usage should be given to
the field test participants, other than inclu-
sion of the product literature pack which
would be shipped with all units, and instruc-
tions regarding filling out data collection
forms, use of data collection equipment, or
basic procedural methods. Prior to the test
clothes washers being installed in the field
test locations, baseline data should be devel-
oped for all field test units by conducting
laboratory tests as defined by section 1
through section 5 of these test procedures to
determine the energy consumption, water
consumption, and remaining moisture con-
tent values. The following data should be
measured and recorded for each wash load
during the test period: wash cycle selected,
the mode of the clothes washer (adaptive or
manual), clothes load dry weight (measured
after the clothes washer and clothes dryer
cycles are completed) in pounds, and type of
articles in the clothes load (e.g., cottons, lin-
ens, permanent press). The wash loads used
in calculating the in-home percentage split
between adaptive and manual cycle usage
should be only those wash loads which con-
form to the definition of the energy test
cycle.

Calculate:

T=The total number of energy test cycles
run during the field test

T.,=The total number of adaptive control en-
ergy test cycles

Tw=The total number of manual control en-
ergy test cycles

Pt. 430, Subpt. B, App. M

The percentage weighting factors:

P.=(T./T)x100 (the percentage weighting for
adaptive control selection)

P.n=(T./T)x100 (the percentage weighting for
manual control selection)

Energy consumption (HEr, MEr, and Dg)
and water consumption (Qr), values cal-
culated in section 4 for the manual and
adaptive modes, should be combined using P,
and P,, as the weighting factors.

[62 FR 45508, Aug. 27, 1997; 63 FR 16669, Apr.
6, 1998, as amended at 66 FR 3330, Jan. 12,
2001; 68 FR 62204, Oct. 31, 2003; 69 FR 18803,
Apr. 9, 2004]

APPENDIXES K-L TO SUBPART B OF PART
430 [RESERVED]

APPENDIX M TO SUBPART B OF PART
430—UNIFORM TEST METHOD FOR
MEASURING THE ENERGY CONSUMP-
TION OF CENTRAL AIR CONDITIONERS
AND HEAT PUMPS

NoTE: The procedures and calculations
that refer to off mode energy consumption
(i.e., sections 3.13 and 4.2.8 of this appendix
M) need not be performed to determine com-
pliance with energy conservation standards
for central air conditioners and heat pumps
at this time. However, any representation re-
lated to standby mode and off mode energy
consumption of these products made after
corresponding revisions to the central air
conditioners and heat pumps test procedure
must be based upon results generated under
this test procedure, consistent with the re-
quirements of 42 U.S.C. 6293(c)(2). For resi-
dential central air conditioners and heat
pumps manufactured on or after January 1,
2015, compliance with the applicable provi-
sions of this test procedure is required in
order to determine compliance with energy
conservation standards.

1. DEFINITIONS
2. TESTING CONDITIONS

2.1 Test room requirements.

2.2 Test unit installation requirements.

2.2.1 Defrost control settings.

2.2.2 Special requirements for units hav-
ing a multiple-speed outdoor fan.

2.2.3 Special requirements for multi-split
air conditioners and heat pumps, and sys-
tems composed of multiple mini-split units
(outdoor units located side-by-side) that
would normally operate using two or more
indoor thermostats.

2.2.4 Wet-bulb temperature requirements
for the air entering the indoor and outdoor
coils.

2.2.4.1 Cooling mode tests.

2.2.4.2 Heating mode tests.
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